In this study, we attempted to better delineate the changes in corticospinal excitability that accompany perceptual to motor transformations when people are asked to observe, image or imitate actions. Motor evoked potentials (MEP) from transcranial magnetic stimulation were recorded in the first dorsal interosseous (FDI) muscle of the dominant hand (15 right, 4 left) in five different conditions: (1) passive observation; (2) observation to imitate; (3) imagery; (4) imitation; and (5) counting backwards mentally. MEPs were also recorded at rest at the beginning and at the end of the session to establish baseline (BL) values. For the observation conditions, participants (n = 19, 18-38 years) watched video sequences (5 s) of hand actions performed by a model with the right arm (passive observation: scissors; observation to imitate: OK sign). Active imitation produced the greatest MEP facilitation compared to baseline, followed by the two observation conditions and the imagery conditions, which all produced similar levels of facilitation (post hoc comparisons). Mental counting produced some facilitation, but this effect was inconsistent. Baseline MEPs remained stable at the end of the session. A further comparison between right-handers (n = 15) and left-handers (n = 4) revealed no difference in the pattern of modulation across conditions. The similarity found between observation and imagery of hand actions in terms of corticospinal facilitation is interpreted in the light of the motor-simulation theory of Jeannerod [Neuroimage 14 (2001)], which proposes that perceiving actions involves neural simulation of the same action by the observer, thereby explaining the parallel between actions observed and actions imaged at the representational level.
Introduction
Observing a model and mental imagery are commonly used methods to promote skill acquisition. Indeed, through observing demonstrations of skilled performances, one can derive cues that can be used subsequently to reproduce the intended action. Similarly, through mental rehearsal of previously learned actions, or parts of actions, one can prepare the sensorimotor apparatus for optimal performance in a subsequent execution. Such training strategies generally reflect traditional assumptions about the existence of links between the perceptual and motor systems. For instance, Meltzoff and Moore's (1977) active intermodal matching theory postulates that humans possess an innate capacity to imitate actions through a dedicated mechanism that transforms visual output of the model into motor output via supramodal representations. In another competing theory, Heyes (2001) emphasizes the existence of a set of bi-directional excitatory links between sensory and motor representations that are formed largely from correlated experiences of observing and executing actions. Likewise, theories of motor imagery have been embedded within the same conceptual framework with regard to the transformation of perceived or learned actions into motor images and motor performance (Annett, 1996; Jeannerod & Frak, 1999) .
From a neurobiological perspective, the perceptual-motor translation problem has been highlighted in recent years through brain imaging techniques (PET and fMRI) and electrophysiological methods. From converging evidence of neuroimaging studies in humans and neuronal recordings in non-humans primates, a picture has emerged indicating that the neural circuitry involved in action execution overlaps extensively with that activated when actions are imaged or observed (see Decety and Grèzes (1999) ; Grezes and Decety (2001) for recent reviews). The shared neural network includes the premotor cortex, supplementary motor area (SMA), the inferior parietal lobule, cingulated
